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AR'r. XLV.-MeaSU1·es of the R~'1!gs '!f Saturn in the years i879, 
11580, 188 Land 1882; by EDW AIW S. HOLDEN. 

IN bis memoir entitled Recherches SUT Saturne, ses anneaux et 
ses satellites (1880), Mr. W. Meyer gives tbe results of bis recent 
observations with the lO·inch equatorial of the Geneva Observ· 
atory. 

Some of these results will not be received without criticism, 
since they go tu show that the ball of Saturn is excentrically 
situated in the ring-system, and that the breadth of this system 
is not alike on the two sides. Specifically M. Meyer says, "je 
regarde donc comme etabli par les observations qu' a l 'epoque 
ou elles ont ete faites, la la1geur de l'anneau de SatuTlIe a ete 
plus forte a son c8te ouest, et que Ie centl'e meme de la planele etait 
plus pres de l'extrem~'te est de l'annea/£ que l'autre." The results 
of bis measures flre given in table XI of his memoir, and 111 a 
table which nccompnnies the present note. 

s. 

W. E. 

B C 

I n order to make observations of this class readily compar
able I have adopted a simple nomenclature which will cover all 
possible measures which can be made on Saturn. I have em
ployed this in an extended examination of all the published 
drawings of Saturn known to me; and I take this opportunity 
of asking for a notice of tha existence of rare drawings of 
Saturn, of those privately printed, and so forth. This system 
is shown in connection with a drawing of Saturn which was 
made at this observatory, 1881, November 27. The letters at 
the bottom of the drawing relate to points along tbe major axis 
of the ring. 

a is the east end of the major axis. 
b is the pencil line so·called (seen Nov. 27, L881). It is too 

broad i.n the cut. 
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c is the rm'ddle of the principal division. 
d is the point in ring n where the shading off begins; it IS 

a definite point. 
e is the Oll tel' edge of the cl usky I'i ng. 
fis tbe innel' edge of the dusky ring, 
g is the east, limb of the planet. 
'l'he j'ell1aining letteJ's, It . . , , JI, refer to the west half of tIle 

system. 
-----------------------~------~---------------~-------

Port. W. s~ruve, BesHel, I I':nckc, Golle, MOin, 
18~6, IH8tl-S, 1RS7-8, I~S7-8, 1840, 

-------- ----- ----- ----- ---------
ab 
(Ie 
(Ie 
af 
an 
ag 
c Iwidth) 
cd 
ce 
cf 
ci 
cl 
de 
ej 
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fl 
gh 
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2'61 
6'71 

40'095 
11'05 

0'41 

4'11 

34'882 

4.'34 
26'67 

17'991 

4'11 
6'71 

0'41 
2'61 

2'76 
7'3D 

3D'illl 40'9:l 
11'13 11'6:l 

4'63 

35'41 

4'24 
2G'jfi 

]7'68 

11'13 

4'63 
739 

2'76 

15'381 IG'49 

3'36 
7'27 

40'90 
11'50 

3'91 

34'18 

4'23 
2(i'36 

3'91 
7'27 

3'36 

6'55 

38'33 
11'37 

4'82 
25'24 

15'60 

4'82 
!l'37 

6'55 

It is unnecessary to remind anyone who has looked over the 
great number of papers on Saturn, that for the want of a simple 
system of referring to the planet's features we are often in 
doubt as to what )Joints, rneaSUl'es, and especially descriptions, 
rdel', So far, we have only the lJomenclature of Struve who 
called the outel' ring A, the inner n, and the dusky ring O. 

'l'he accompa l1'yi llg table con tai rlS abou t all the IIseful meas, 
Lll'eS which bave been made on this system since 1826. 
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In the last column are given those of M. Meyer, which are 
by far the most complete as to scope, and which are still in 
progress. From these it will be seen that his measures place 
the ball of Satul'll excentricaIIy in the rings, and that the 
width of the ring system is not alike on both sides. 

Of course, such conclnsions need confirmation, as they are 
contmry to some of the most complete series of observations 
which we have. 

I . I 8ecchi, 
Part. o. St~.uve, LIlBs,ell, Jacob, De Ill;. Hue, t 

18,2, 1852, 1853, 185-1, 185J-56, 

--~------ --2'55----- -:-4- --2:-1--3'-1 ~ 

ae 7'42 6'80 6'46 7'590 
af 9'46 8'87 9'738 
an 39'73 40'881 39'91 39'83 40'893 
ag U'07 11'714 11'03 U'09 11'616 
c (width) 0'37 
cd 
ce 
cf 
ci 
cl 
de 
~l 
eg 
ej 
fg 
fi 
fi 
gh 
hi 
hj 
hn 
ij 
il 
in 
jk 
Jl 
jn 
kl 
I (width) 
In 
mn 
Polar diam, 

4'87 
6'91 

27'74 
34'63 

2'04 
3'66 

24'90 
1'61 

20'8:~ 

27'74 
]7'59 
1'61 
3'66 

11'07 
2'04 
6'91 
9'46 

4'87 
7.42 

2'55 

[259]:j: 

17'453 

1l'714 
[2'59]:1: , 

4'36 
0'43 

28'61 
35'03 

2'07 
4'23 

26'32 
2'16 

22'19 
28'61 
17'86 

2'16 
4'2C! 

1\'03 
2'07 
6'43 
8'87 

4'36 
6'80 

16'51 

34'39 

4'63 
26'91 

4'63 
11'09 

3'99 
6'46 

2'47 

4'473 
6'621 

28'040 
34'659 

2'148 
4'027 

25'7]4 
1'88 

21'419 
28'040 
1'/'661 

1'88 
4'027 

11'616 
2'148 
6'021 
9'7;;8 

4'473 
7'590 

3'117 

* Bond's results are given in terms of an= ]'000, and not in arc. To utilize 
them I have supposed an=40"'47, by which they become directly comparable 
with Ma:-er's, the most complete series, 

t All the measures previolls to 1880 I hnve treated on the supposition that they 
give a symmetrical figllfe to the system, [believe that the original measnres of 
Struve (182G) and of Secchi (1854) differ slightly from this supposition, but as I 
have not access at pre,oent to th, i,' orig'illal papers, I have borrowed the data from 
Kayser's Memoir in the Leyden Observations, voL iii. 

~ Lassell in 185~ wrote to 0, :i;, that iy'=O'56 hy', 
Il In Bond's later (unreduced) observations given in the same volume of the 

Harvard College Observatory Annals as his first, he llsllally estimates ef as less 
than one-half of ge, 
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I have made some measures of this system which are inter
esting in this connection, and which I shall give here although 
the series is not finished. They all relate to the position of the 
dusky ring C; and the position of the points! and i is invaria
bly referred to (the middle of) the principal division, that is, to 
the points c and l. The observations were made in 1879 and 
1880 with the 26-inch equatorial at Washillgton, and in 1881 
and 1882 with the 15-inch equatorial hel'e. 

Part, Bond,· Jacob, I KIlyser, 'Meyer, 
1!!4B-56, 1856, 1862-3, 1880, 

--------------------
ab 
ac 2'no 2'329 2'622 [3'00] 
ae 6'96 6'8G3 5'806 6'97 
aj 9'31 8'892 9'88 
an 40'47 39'997 39'471 40'47 
ag 11'58 11'03 11'1U 
c (width) 0'47 
cd 
ce 4'36 4'534 3'184 [3'97] 
c! 6'71 6'563 6'88 
ci 28'07 28'777 [28-05] 
cl :!5-28 35'339 34'2~7 
d8 
ef 2-35§ 2'029 2-91 

.eg 4'6~ . 4-166 5-292 4-45 
ej 26'56 ~6'271 27'859 26-32 
fg 2-27 2'14 
fi 21'81) 22-214 21'17 
fl 28'57 28'777 27'08 
gh 17'32 17-940 17'27 17'451 
hi 2'27 2'14 
hi 4'62 4'166 0'292 4'42 
hn 11-58 11'03 11-10 
ij 2'31i§ 2-029 2'24 
it 6-71 6-563 6'42 
in 9'31 8'892 9'4.2 
ik 
jt 4'36 4'534 3'184 4-18 
in 6'96 6-863 5'806 7'18 
kl 
I (width) 0'47 
In 2'60 2-329 2'622 3'00 
mn 
Polar diarn_ 15'46 15-392 16-021 

These instruments are pl"Ovided only with filar micrometers 
and are therefore not suitable for measul'ing diameters and dis
tances such as occur in Saturn. This work properly belongs 
to the heliometer and the main part of it will undoubtedly 
soon be done at the Strassburg Observatory. But no heliom
eter now built has light enough to deal effectively with the 
dusky ring, and I therefore confined my measures with the 
Washington equatorial to that ring. The measures were referred 
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to the middle of the black division and not to some other 
point for obvious reasons. 

All the distances were measured parallel to the major axis of 
the ring. In the Washington series they were single distances, 
each set usually containing four; at Madison all are double 
distances, four in each set. 

I may add that it is my experience that the dusky ring is an 
object which requires to be measured under a high magnifying 
power, although it often seems to be better seen with a low one. 
As soon as measures commence, however, the advantages of 
the high power become apparent. 

Observations of Saturn's ])usky Ring made with the 26-inch 
equatorial at Washington in 1879, and reduced to ..::1=9'5389. 

No. Date, I If Ii 
cl I if 

Eye· Wt. Ci-Yt,-
1879 •. piece cf-I-

---------------,--- -- - --.. .. .. 
1 Sept. 10 .. - ..... 6'88 ..- -- 7'02 400 4 +0'14 
2 11 ........ 7'36 -- -- 7'83 400 1 +0'47 
3 16 ...... - 6'83 ...... - 7"45 400 2 +0'62 
4 24 ---- 7'05 .... -- 7'24 400 2 +0'19 
i\ 25 ........ 7'31 .. ...... 7'69 400 4 +0'38 
6 26' .... -- 6'99 --- .. 7"72 400 2 +0'73 
7 29 1 ---- 7'07 ........ 7'58 600 4 +0'51 
8 30 -_ .... 6'82 -_ .... 7'40 600 4 +0'58 
9 Oct. 2 ...... .. 6'73 ........ 7'57 600 3 +0'84 

10 5 ....... ... 7-12 --- .. 7'65 600 4 +0'53 
11 11 - ....... 7'27 -_ .... 7'49 600 5 +0'22 
12 14 -- .. - 6'86 ---- 7'63 600 3 +0'77 
13 20 -- ..... 7-11 -_ .... 7'21 T.* 3 +0'10 
------------------ -- --I +0'47 Means, -_ .... 7'03 ± 0'04 -- -- 7'50±0'04 

Washington Observutions of 1880 red~tCed to ..::1=9'5389. 

No. Date, 
1880. 

14 Aug. 27 
15 27 
16 28 
17 Oct. 9 
18 10 
19 11 

If II 

6'56 

cl 

27'74 
27'74 
27'51 

6'92 

* Terrestrial eyepiece magnifying 400 diameters. 

T.* 4 +0'10 
400 4 -0'04 
400 4 +0'26 
800 4 -0'28 
800 4 + o'ao 
600 5 +0'25 

+0'10 
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Observations of Saturn's D·lts1cy Ring made with the 15t·inch 
equatori(ll of the 'Washburn Obsel'vatm'y in 1881 and 1882, 
reduced to L1 = 9'5389. 

No I Date, if Ii I cl c,r 
' 188!. I 

il ~oo ! ---:::: ::iiT 2:'_8~ i:i~ 
23 14 ____ 6'52 ____ 6'70 
24 17 . _ _ _ 6'62 . _ _ _ 6'80 
25 18 ____ 6'36 ____ 6'60 
26 23 ____ 6'47 ____ 7'02 
27 23 ____ 6'15 ____ 6'15 
28 26 ____ 6'52 ____ 6'78 
29 26 27'80 ____ 27"88 ___ _ 
30 28 28'3ii ____ 28'25 ___ _ 
31 30 ____ 6'76 ____ 6'94 
32 31 ____ 6'83 ____ 6'82 
33 31 27'96 ____ 28'05 ___ _ 

1882 
34 Jan, 
35 

2 
3 

11 
Feb, 6 

7 

36 
37 
38 

27'96 

28'lf) 
27'89 
27'83 

27'98 

28'26 
28'03 
28'23 

Means, 27'99 ± 0'0506'49 ± 0'04028'05 ± 0'0416'63 ± 0'051 
----- ----- -----1-----1------

No,obs, (7) (11) (8) (II) 

Eye- ! ,vt. ci--{f= 
piece cf-Ib 

260 3 cloud'd 
260 3 + 0'31 
430 3 + 0'21 
430 2 + 0'18 
430 2 + 0'18 
430 2 + f)'24 
430 5 +0'55 
T,* 5 +0'00 
750 4 +0'26 
750 4 + 0'08 
750 1 -0'10 
430 2 +0'18 
430 4 -0'01 
430 4 +0'09 

430 4 +0'02 
430 3 + 0'39 
430 4. +0'11 
260 3' +1)'14 
260 3 +0'40 

-=~I ~:~I)8 
I can say that the Washington observations were made un

der good circumstances, with sufficient magnifying powers and 
present a satisfactory agreement among themselves. ('1'heir 
accidental errors are materially less than those of the Geneva 
series,) Also the Madison observations are entirely satisfac
tory to me. The difference between the two series is so far, 
not explained. A constant difference between the width of 
the rings Band C west and east is uniformly shown in both 
the Geneva and the other series. 

The greater precision of measures having i as a terminal 
point will be noticed and it agrees with remarkH made in my 
observing books. 

According to M. Mayer 1880; cf-li =+0"'46 
According to Washington 1879; =+ 0'47 
According to Washington 1880; =+ 0'10 
According to Madison 1881-2; =+ 0'18 

It is somewhat remarkable that the four entirely independent 
series of observations Itgree in giving a value of qj'materially 
larger than li. In the case of m,Y own obf'ervations, I have 

* Terrestrial eyepiece magnifying about 240 diameters, This power is too low 
for satisfactory measures, 
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been, and I am, somewhat skeptical as to the reality of this 
difference. In a system so complicated as that of Saturn con
stant errors may easily creep in. It was for that reason that I 
had constructed in Washington the t.errestrial eye-piece which, 
unfortunately, I could use only on two nights. The terrestrial 
eye-piece for Madison is of too Iowa power for advantageous 
use, and I propose to replace it by one of higher power. By 
using this in connection with the regular astronomical eye
pieces, the existence of any personal difference which may 
exist between measures east and those west will show itself in 
the meaSUl'es tiJemselv.es, and I propose to earry these 011 

until some satisfactory solution of Lhese systematic differences 
is reached. 

So far I have only considered the residuflls ef-l1·, and they 
show a satisfactory agreement throughout my own three series 
and agree with those of M. Meyer. vVhen we come to con
sider the absolute values of the things measured the discrepan
cies are relatively enormous. For example, cfin 1879 I found 
to be 7"·50±O".04 from thirteen nights, while in 1881 I found 
efto be 6"'63±O"'051 from eleven nights 

I can scarcelv believe that even in these delicate measures I 
could make a C'onstant error of nearly I" in arc in the measure 
of a distance of 7". Nor can I accept the explanation that the 
distance ef has changed by 1" in thi.s time; certainly not with
out further proof. My reason for presenting the question in 
this unsolved state is that by so doing M. :Meyer's conclusions 
may be examined more closely by those possessing large tele
scopes, and as other measures appeal' to present the same anom
alies, certainly I shall endeavor to present further evidence on 
this point. 

I do not believe that the difference in the telescopes emplo.yed 
has anything material to do with the difference in results. The 
edges of ring C were well seen in both telescopes. 

I add a few measures of the position of helts on Saturn's sur
face made in 1878. I did not continue these measures longer 
as no useful result seemed to be promised. 
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Washington measw'es oj Belts on Saturn. 

Date, 1878. Wush. Dl. t. A B 

-----------------
II m 

2:8 4:6 Sept. 9 10 30 
1'7 10 40 2'4. 5'2 
19 10 50 2'8 5'1 

Oct. 1 11 30 2'4 0'2 
8 10 50 2'8 --

14 9 30 2'2 5'1 
21 8 30 2'6 --
25 D 18 2'6 4'7 
26 9 36 l'S 4'3 

Nov. 5 10 44 2'8 5'4: : 

N. B.--The measures in columns A and B are as follows: A=distances of the 
south edge of the bright equatorial belt or SntllJ'n'S southern hemisphere from the 
major axis of the ring; and B=distance of the center of the dark band in Saturn's 
northern hemisphere f'l'Olll "the major [(xis of the ring. 

I may add here that I have recently reduced the Washington 
observations of the position angle of the major axis of Saturn's 
ring and determined the inclination of the plane of Saturrl's 
ring to the plane of the orbit of i'oJaturn. rrbe observations 
were made on seventy-seven nights in the years 1877, 1878 
and 1879 which were favorable for this purpose. The 26-inch 
equatorial, the filar micrometer and eye-pieces magnifying 
hom 400 to 800 times, were employed. The reductions have 
been mnde by Bessel's rigorous fOl'mulre given in his Abha,nd
lungen, vol. i, p. 321. The quantity sought is i', which is the 
inclination of the plane of Saturn's ring to the plane of /Saturn's 
orbit; the results are as follow: 

From the forty obAervatiolls of ProfessOl' lIall we have for 
1877'948=1877, Dec. 11; i'=26° 38' 47"±1'·87. The probable 

enol' of a single observation is ±8'·6. 

From the thirty-seven obscrvations made by me we have for 
1878'771=1878, Oct. 8; i'=26° 57' 2"±l'·69. The probable 

error of a single observation is ±10'·3. 

Bessel's twenty-two observations give 
1818'726= 1818, Sept. 20; i'=27° 0' f)"±5'·2. The probable error 

of a single observation was ±24'·1. 

I have not combined the results obtained by Professor Hall 
and myself since the observations of October la, 14, 1877 and 
of November 13, 14, 1878, show that they are not comparable. 
My observations agree with those of Bessel within the limits 
of the probable errors. A comparison of the observations of 
Professor Hall with Bessel would indicate a diminution of the 
inclination since 1818. 

Washburn Observatory, University of Wisconsin, 
Madison, 1882, January :~ 1. 




